Mass Spectra
] + a). Simulated isotopic pattern of [Fe 3 O(OAc) 6 (N 2 ) n ] + (n=0,1,2,3) b). For peak assignment refer to table S1. 6 (L) n ] + (n=1,2,3; OAc=CH 3 CO 2 ). The indicated mass labels refer to the most abundant isotope peaks. Figure S4 : Left: IR-PD spectra of [Fe 3 O(OAc) 6 (N 2 ) n ] + (n=1,2,3) at 26 K (black and blue curves) and calculated IR absorption spectra of optimized [Fe 3 O(OAc) 6 (N 2 ) n ] + (n=1-3) (green curves) in the range of 1300-2500 cm -1 . The blue IR-PD spectrum shows the CO stretching band (recorded with highly attenuated laser power to avoid saturation effects). The calculations were performed at the B3LYP/cc pVTZ (H,C,N,O) and Stuttgart 1997 ECP (Fe) level of theory. The multiplicity is 16 and frequencies are unscaled. Calculated stick spectra were convoluted with a Gaussian envelope of FWHM = 7 cm -1 . Right: A zoom into the N 2 stretching vibration region. Calculated lines were convoluted with a Gaussian envelope of FWHM = 3.5 cm -1 . Insets show associated geometry optimized structures.
Details of the DFT calculations

Figure S5
: IR-PD spectra of [Fe 3 O(OAc) 6 (N 2 ) n ] + (n=1,2,3) at 26 K (black curves) and calculated IR absorption spectra of geometry optimized [Fe 3 O(OAc) 6 (N 2 ) n ] + (n=1,2,3) (green curves) in the range of 1300 -2400 cm -1 . The calculations were performed at the PBE0 /cc-pVTZ (H, C, N, O) and Stuttgart 1997 ECP (Fe) level of theory. The multiplicity is 16 and frequencies are scaled with 0.951 (0.946) above 2300 cm -1 (below 2300 cm -1 ). Calculated stick spectra were convoluted with a Gaussian envelope of FWHM = 7 cm -1 . The calculated intensities above 2300 cm -1 were multiplied by a factor of 20 for clarity The multiplicity is 16 and frequencies are scaled with 0.968 (0.949) above 2300 cm -1 (below 2300 cm -1 ). Calculated stick spectra were convoluted with a Gaussian envelope of FWHM = 7 cm -1 . The calculated intensities above 2300 cm -1 were multiplied by a factor of 20 for clarity. The multiplicity is 16 and frequencies are scaled with 0.989 (0.962) above 2300 cm -1 (below 2300 cm -1 ). Calculated stick spectra were convoluted with a Gaussian envelope of FWHM = 5 cm -1 . The calculated intensities above 2300 cm -1 were multiplied by a factor of 20 for clarity. 
XYZ Files of geometry optimized [Fe 3 O(OAc) 6 (N 2 ) n ] + (B3LYP)
Molecular Orbital Diagram of N 2
Scheme S1: Simplified molecular orbital diagram of the N 2 molecule. s-p hybridization is included, but additional connection lines are omitted for clarity.
Experimental and Computational Methods
We The OPA idler wave (≤ 10 mJ per pulse) can be used to record spectra within 2600-3900 cm 1 .
In this work we used the difference frequency (DF) between the OPA signal and idler waves generated in a AgGaSe 2 crystal (0.1 -1.2 mJ per pulse). We recorded IR-PD spectra in the range of 1200 -2400 cm -1 . Each trapped and isolated package of ions is irradiated by 10 -15 laser pulses to yield a sufficient amount of fragment ions. The IR spectra were recorded as ion chromatograms while continuously scanning the IR frequency. An experimental IR-PD spectrum arises from a plot of the fragmentation efficiency as a function of laser frequency ( ). The IR-MPD yield ( ) is defined as:
(1)
The IR frequency was calibrated using a wave meter (821B-NIR, Bristol instruments), and we recorded laser power curves (cf. Fig. S12 in the ESI).
Optimized minimum energy structures, Gibbs energies and linear IR absorption spectra were calculated at the B3LYP 2.3 level of theory using cc-pVTZ basis sets 4 (C, H, N, O), and Stuttgart RSC 1997 5 effective core potential (Fe) basis sets, respectively, as implemented in the Gaussian 09 program package 6 . Standard convergence criteria were applied. Basis set superposition errors (BSSE) were corrected using the Counterpoise routine 7, 8 . We present unrestricted DFT calculations with 15 unpaired alpha electrons yielding a spin multiplicity of 16 with other multiplicies (2 -18) found significantly less stable (c.f. Fig. S9.) . We scale calculated frequencies with two different scaling factors: One scaling factor (0.951) is specifically designed to elucidate N 2 stretching bands in [Fe 3 O(OAc) 6 (N 2 ) n ] + . It scales calculated N 2 stretching frequencies such that a calculated free N 2 stretching vibration frequency matches the experimental value 9,10 of 2330cm -1 . This approach conveniently reveals any effects of Fe-N 2 coordination on N 2 stretching frequencies. A second unspecific scaling factor (0.986) is applied for all other bands. It scales the calculated asymmetric carboxylate stretching vibration frequencies of [Fe 3 O(OAc) 6 (N 2 ) 1 ] + to match our own experimental value of 1587 cm -1 . Unscaled spectra are provided in the supplement (cf. Fig.   S4 ). The usage of two different scaling factors for high and low frequency vibrations is validated by many theoretical studies [11] [12] [13] . Especially frequencies calculated via DFT/B3LYP benefit from this method 14 .
A Natural Population Analysis (NPA) was performed with the NB0 5.9 program 15 . We elucidate weak interactions such as hydrogen bonds or van der Waals-interactions in geometry optimized structures using the non-covalent interaction (NCI) technique 16 . This method and its application to intramolecular H-bonds has been described previously [17] [18] [19] 
15 N 2 Experiments
Isotope labeling of the N 2 molecule serves to validate our assignment of the observed mass peaks to the N 2 complexes (cf . Table S3 ) as well as the assignment of the recorded IR-PD bands above 2200 cm -1 to the N 2 stretching frequencies. Exchanging the 14 N 2 reaction gas with 15 N 2 enriched gas (99,999 %, Sigma-Aldrich) leads to expected shifts of N 2 associated mass peaks: +2 m/z per 14 N 2 to 15 N 2 exchange (cf. Fig. S14 and Table S3 ). Residual 14 N 2 gas in the hexapole leads prominent peaks of mixed 14 N 2 / 15 N 2 species. Flushing the apparatus with 15 N 2 enriched gas over a few hours suffices to observe exclusive 15 N 2 complexes. The IR-PD spectrum of [Fe 3 O(OAc) 6 ( 14 N 2 ) 1 ( 15 N 2 ) 1 ] + (cf. Fig. S16a ) reveals two bands at 2268 cm -1 and 2347 cm -1 . The 15 N 2 stretching frequency decreases by 79 cm -1 with respect to the frequency of 14 N 2 . Published Raman spectroscopy data I,II on free 14 N 2 (v 0 = 2330 cm -1 ) and 15 N 2 (v 0 = 2252 cm -1 ) indicates a red shift of 78 cm -1 . Note, that mass scaling of the 14 N 2 vibration frequency to 15 N 2 yields a frequency of 2251 cm -1 .
Our value of 2268 cm -1 for the 15 6 ] + The upper spectrum was measured directly after 15 N 2 addition to the hexapole. The lower spectrum was measured after 3h of flushing with 15 N 2 gas. For peak assignment refer to Table S3 .
